Background. The work is designed to uncover the pattern of mutual relation among trace elements and epidemiological data in the degenerated intervertebral disk tissue in humans. Hitherto the reason of the degenerative process is not fully understood. Trace elements are the basic components of the biological compound related both its metabolism as well as environmental exposure. The relation pattern among elements occurs gives new perspective in solving the cause of the disease. Methods. We have analysed trace elements content in the 30 intervertebral disc from 22 patients with degenerative disc disease. The concentrations of Al, Cu, Cd, Mo, Ni and Pb were determined with Atomic Absorption Spectrometry. To analyse the multidimentional relation between trace element concentration and epidemiological data the chemometric analysis was applied. Results. The similarity have been shown in occurrence of following pairs: Cd-Mo as well as Mg-Zn. The second pair was correlated with Pb concentration. Pb levels are observed to be competitive to Cu concentration. Cd concentration was related to Zn and Mg deficiency. No single but rather cluster of epidemiological data show observable influence on the TE tissue variance. Zn and Cu was related to the male sex. Operation with orthopedic implants were related to combined Al, Mo and Zn concentration. Conclusions. This is the first chemometric analysis of trace elements in disk tissue. It shows multidimentional relations that are missed by the classical statistic. The analysis shows significant relation. The nature of the relations is the basis for further metabolic and environmental research.
INTRODUCTION
Degeneration disc disease (DDD) is the most common cause of the back pain with significant impact on the health and economic issues of society in developed countries [1] . Developmental transformation of the intervertebral disc (IVD) causes loss of vascularity within the first decade of life [2] . This is followed by the transformation of metabolism that has to withstand low oxygen concentration and a highly acidic environment due to waste product concentration. The IVD structure is characterized by a large amount of extra cellular matrix (ECM) seeded with a low density of chondrorcite-like cell clusters responsible for the production and control of the matrix turnover. Highly hydrophilic ECM proprieties allow water retention and ensure the biomechanical proprieties of the IVD.
Trace element (TE) in human biochemistry are divided in three groups with regard to their metabolic role: essential, possible essential and non-essential [3] . TE, due to their small quantity in biota, may be regarded as a specific indicators for both metabolic or environmental factors. The metabolic indicators of TE contents fluctuation can be analyzed in terms of the degeneration process. Degenerative disc disease is a complex and not fully understood entity. For an explanation, a number of theories have been proposed, including: aging, genetic and environmental factors. It has been proved that an important role in degeneration process is influence by the disproportion of anabolic and catabolic activity of the ECM enzymes, such as cathepsins, aggrecanases, and matrix metalloproteinases (MMPs) [4] . The MMPs enzymes are zincrelated endopeptidase, the major role of which is protein degradation. TE also have the ability to form other bio-active compounds [5] . They are part of enzymes, or are involved in collagen synthesis, while others are essential for connective tissue development [6] .
TE analysis in the IVD may be suitable for several reasons. Since IVD may be considered as the most inert compartment in human, cross-reference analysis with other tissues, for example, bone, may be more accurate in predicting the timing and dose of environmental exposure. Additionally, it can improve our knowledge of end plate function and its possible role in DDD. Understanding the mutual relationship of the metabolic related TE (Mg, Zn, Cu) will also change our knowledge of senescence and the degeneration processes [3] .
Perception of the measurement of biological samples is the domain of multivariate analysis. The chemometric approach more thoroughly explores large sets of data or data that cannot be compared, or their relation may not be detected with basic statistics. Chemometric analysis was developed as the consequence of modern chemical analysis [7] , and allows uncovering the hidden relationships within the multi-dimensional data matrix in the form of a numerical algorithm.
In available studies there are none which contain chemometric analysis of TE in intervertebral disc tissue. Such analysis was utilized by Brodziak et al. [8] in bone tissue, although in this analysis only Euclidian's distances method was used, it supports the hypothesis of the authors of the presented study concerning the usefulness of chemometric methods, especially in research at the border between organic chemistry and biology with the medical implications. Overall, there are only two studies by Tohno et al. [9] and Minami et al. [10] evaluating selected elements in the IVD, although no biological implication of such analysis has so far been performed.
The main aim of the current work was to apply chemometric techniques as a useful tool for: 1) demonstrating the differences in the TE concentration in the degenerated IVD in samples; 2) discerning mutual relationships between particular TE concentrations in degenerated tissue of intervertebral discs; 3) performing the correlation of the TE concentration with particular epidemiological data.
MATERIALS AND METHOD
Material from the intervertebral discs of 22 patients were obtained during surgical procedure. Twelve specimens were from the cervical spine of six patients and 19 specimens were harvested form the lumbar spine of 18 patients. All specimens were acquired by the surgical procedure of discectomy or spine fusion, due to degenerative disc disease. The mean age of the patients during the operation was 47.6, ranging from 28-64 years of age. Use of tissue in the study was approved by the Bioethical Committee of the Institute of Rheumatology in Warsaw on 31 May 2012, and the Bioethical Committee of Poznań University of Medical Sciences (Ref. No. 406/13). All patients were interviewed using a questionnaire to collect data on demography, health status, and occupational exposure to heavy metals, or a previous operation for the implantation of an orthopedic device. In the question examination, none of the patients had any knowledge of being inadvertently exposed to heavy metal pollution. Evaluation of the degree of the degenerative disc disease was performed on preoperative MRI sagittal scans, according to the Pfirrmann grading score [11] .
The frozen intervertebral disc samples were freeze-dried using a Lyovac lyophilizer GT2e (Steris, Germany) for 24 hours. After drying, the sample were weighed and nitric acid (suprapur, Merck, Germany) was added to obtain dilution factor (DF) of 10. The prepared samples were allowed to stand overnight in order to slow mineralization. The samples were then mineralized in a microwave oven (Mars Xpress 5, USA). The concentrations of trace elements were calculated for dry weight (dw) of the disc. Concentrations of Al, Cd, Mo, Ni and Pb were determined in three replications using an Atomic Absorption Spectrometer AA 7000 (Shimadzu, Japan) with graphite furnace atomisation (GF-AAS). The % RSD for GF-AAS analytical technique did not exceed 5%. The concentrations of Cu, Mg and Zn were determined in three replications with the use of an Atomic Absorption Spectrometer (AA 7000, Shimadzu, Japan) with flame atomisation (F-AAS). The % RSD for F-AAS analytical technique did not exceed 7%. Statistical analysis. The collected data were analyzed with the chemometric methods of pattern recognition to determine the similarity between both the TE contents and between 
samples. After autoscaling of the data, a graph analysis for each TE pairs was performed to discern the distribution pattern. For the similarity analysis, tangent distances (dT), i.e. the absolute value of the tangent of the angle between the feature vectors [7] .
r -angle between two vectors describing analyzed traits: i and j.
Similarity analysis was performed with cluster methods, Euclidean distance and dendrogram presentation. Correlation of the cluster formation in samples analysis with clinical and epidemiological data was performed. To select factors influencing the clusters, principal component analysis (PCA) was carried out for sample multivariate matrix. After determination of the principal components, new cluster analysis (CA) for samples, as well as the correlation with clinical and epidemiological data was performed. Statistica (Statsoft, Tulsa, OK) software was used for statistical analysis.
RESULTS
Results of the concentrations of TE in the IVD tissue are presented in Table 2 .
In the case of Cd in 13 samples, Mo in 5 samples and Ni in one sample, the levels were below the level of detection (LOD). For the chemometrics analysis values of the 0.5 LOD were substituted in such cases. Analysis of the similarities among traits -TE concentration. After autoscaling, graph analysis for two-dimensional distribution for each TE pair was drawn, which revealed the points of deviation with regard to an extraordinary high concentration of a particular element. The deviation points were evaluated in all pairs of TE. Most often, the deviation point was associated with specimen No. 24. (11 out of 21 ceases) and specimen No. 27 (9 out of 21 cases). These two specimens were excluded from the further similarity analysis as the potential diverging elements. Specimen No. 27 deviated mostly for a higher concentration of Zn, Cu and Mg, compared to the other specimens. Specimen No. 24 had a deviation point due to higher levels of Mo and Cd. In both cases, the specimens 
were harvested from the patients where IVD were acquired from two different levels in cervical spine. The other sample from the same patients did not show such a deviation. Graph analysis allowed to discern relationships between the TE pairs, and the graphs were pooled in relation to distribution pattens. Three distribution patterns were observed: uniform, non-uniform and correlated. Although this analysis may resemble the correlation analysis, it does not show all the information observed in the graphical presentation. The uniform distribution pattern refers to TE pairs where no correlation distribution could be observe with the regular scatter of the samples in the two-dimensional plane. Uniform distribution was observed in the following TE pairs: Cd/Ni, Cd/Mo, Cd/Cu, Pb/Ni, Pb/Mo, Ni/Mo, Ni/Mg, Ni/Zn, Mo/Cu, Mo/Zn, Cu/Zn. Non-uniform distribution showed three types of samples: 1) high concentration of one TE accompanied by low levels of the other TE; 2) vice versa; 3) was characterized by low concentrations for both TE. Non-uniform distribution was observed in the following TE pairs: Cd/Pb, Cd/Mg, Cd/Zn, Pb/Cu, Ni/Cu, Mo/Mg, Cu/ Mg. Figure 1 shows an example of non-uniform distribution for the Cu/Pb pair.
A correlated distribution pattern was observed in three TE pairs: Pb/Mg, Pb/Zn, Mg/Zn, showing a positive correlation between both TE concentrations. Tangents distance measure is based on a common resource of information carried by the analyzed traits, and is currently the most widely-used in the analysis of similarities.
After deviation point exclusion, the matrix of tangent distances for TE was calculated. The dT values were used for dendrite graphical presentation. The dendrogram analysis for TE tangent distances is presented in Figure 2 .
Analysis showed two major primary clusters. The first one consist of Zn, Mg and Pb. The dT between elements were 0.74 Zn-Mg and 0.93 in Mg-Pb, although the Zn-Pb distance was 1.65. The second primary cluster was Cd-Mo with a distance of 1.3. This cluster was most proximal to Mg with Mg-Cd distance of 1.58. Al is most proximal to Mg (1.22) and in second position to Pb (1.24). Cu was most proximal to Zn with the distance of 1.10, with the distances to nest TE rising sharply. Ni was the most distant branch of the dendrogram, with the least distance to Zn of 3.04. CA showed a similar grouping pattern observed with the dendrogram.
Further similarity analysis was performed with regards to samples. For measuring the similarity between the samples the absolute value of the tangent distances were calculated. The distances variability between the samples were smaller, comparable to the distances between the features. This may suggest that potential similarities may be hidden with the vectors oriented in opposite directions. The cluster recognition method showed similar cluster formation, both with the single-linkage and complete-linkage method. The clinical and epidemiological data were superimposed on the dendrogram for mapping them with the cluster formation. The data referred to in the analysis were: gender, region of the spine of sample collection (cervical or lumbar), prior operation with metallic implants, and samples collected form the same patient. In the mapping analysis, there was no confirmation of any correlation between given clinical or epidemiological data with cluster formation, neither with the single nor complete-linkage methods. Considering the above principal component, analysis was performed to enhance signal-to-noise ratio of the analyzed data. This presents the opportunity to elucidate the most significant TE, clinical and epidemiological data influencing the variation of the multi-dimensional measurement space. The original analysis of principal component included all items. After transformation of the original variables into a new orthogonal array, three main components were distinguished determining the 72.09% of the total variability of the information in analyzed data set (Tab. 3).
The first component was created by the information contained in data describing the concentrations of Al, Cd, Pb, Mo, Mg and Zn. The second component was dependent on the information contained in data describing the degree of degenerative changes according to the Pfirrmann score and copper concentration. The third component was dependent largely on the Ni concentration, and contained redundant information provided by the Cd concentration. It may be assumeed that all three components were not correlated with one another due to the fact that they are orthogonal to each other. However, this does not exclude the possible of correlation among elements building up the components. The absence of redundancy, with the exception of Cd concentration (in components one and three), allows the conclusion that each component provides unique information to the analyzed data set.
It is important to mention that the analysis of Cu showed a relationship with the volatility of the remaining elements. Characteristic is the link between the volatility of metabolism-related TE and those considered as toxic (Al, Cd, Pb, Mo, Mg and Zn), indicating the presence of biological interdependence in the intervertebral disc tissue. It is also important that these elements largely determine the variability of the analyzed data set (35.93%). PCA graphical presentation allows the identification of several TE clusters of similar variation in the analysis (Fig. 3) .
The most distinct cluster was the pair Mo and Cd. The second potential cluster describing similar variability of the analyzed data was Pb, Mg and Al included in first component. It was possible to distinguish a similarity between Cu concentration and the degree of degeneration according to the Pfirrmann score. The rest of the factors were not recognized as showing particular similarity, based on the graph presentation of the PCA.
Analysis was performed of the PCA with respect to following data: gender, previous operations with orthopedic implants, and region of the spine where material was harvested. Results of the analysis are presented in Table 4 .
In the analysis, the variability with a threshold level of 0.75 characteristic similarities can be distinguished. In all cases, noticeable similarities were observed of variation between Pb and Mg. In males, a similar volatility was noticeable among Cu and Zn concentration, which was not observed in the case of females. Patients with a history of orthopedic operations with implants, presented a significant similarity of concentration between Al, Mo, Zn. Also in this group of patients, age was a significant modifier. Analysis taking into account the region of the spine from which the samples were harvested, showed a noticeable Ni correlation with the lumbar spine. In the case of the cervical spine, except for the above-mentioned influence of Pb and Mg, variability was observed related to the concentration of Zn, age of the patient and severity of the degenerative changes according to Pfirrmann score.
DISCUSSION
The analyzed TE set contains: essential (Cu, Mn, Mo, Zn and Mg), possible essential (Ni, Al) and toxic (Cd, Pb) [3] .
Basic graphical analysis of TE pairs showed three types of distribution that may be regarded as the correlation patterns. The non-uniform distribution in graphical analysis may suggest competitiveness among the elements, which can be divided into three categories: 1) between both TE related to pollution, Cd/Pb; 2) between pollution and metabolic-related TE Cd/Mg, Cd/ Zn, Pb/Cu; 3) between both TE related to metabolism Ni/Cu, Mo/Mg, Cu/Mg. An important antagonistic relationship was confirmed in the case of Zn-Cd and Zn-Cu. Also, other dependencies described in the literature, both in biota and abiota, showed antagonism between Mg and Zn, Ni, Cu, or Cu and Mo [3] . This set of TE Zn-Cd and Zn-Cu antagonisms were also recognizable with PCA graph in the presented study. Competitiveness was also observed in the graphical presentation of the Mg-Cu pair, but in the the current study, no competitiveness in the Mg-Zn pair was observed. The other pairs mostly showed the orthogonal position or dissimilarity with higher tangent distances. The presented findings confirm some of the literature declared antagonism while presenting others that have not been recognized so far. A distribution pattern suggesting the correlation, in graphical presentation, was observed in three pairs, formed with only three TE: Mg, Zn and Pb. Those elements also formed the primary cluster with dendrogram analysis. With the PCA analysis, a similar cluster was observed, although the Mg and Pb position was closer to Al than to Zn. Also with PCA analysis, the Mg-Pb pair always formed the first component Although Pb is considered as highly toxic, it is present in every human tissue in the range 0.2-4.8 mg kg -1 [3] . Although the clinical syndromes with lead overdose are well known, the actual biological effect and metabolic pathway of Pb in the biota has not been readily analyzed. The element can influence heme synthesis by inhibiting porphobilinogen synthase and ferrochelatase. Prevention of the formation porphobilinogen iron incorporation may lead to anaemia [12] . Pb may behave like a calcium analog, interfering with ion channels during nerve conduction. No literature item has been identified regarding Pb function in connective tissue, or one resembling the IVD. The presented analysis shows the highest similarity and no competitiveness to the Mg and Zn, suggesting the synergistic effects in their metabolism.
The biological role of magnesium is quite extensive. It takes part in nucleic acid chemistry with DNA and RNA synthesis, an array of enzymes require their presence as a reaction cofactor, and energetic nucleotides formation. It also plays a role in the active transport of calcium and potassium ions across cell membranes in nerve impulse conduction and muscle contraction. Most Mg ions are located intracellulary (39%), with only 1% extracellular [13] ; howver, there is no satisfactory method for assessment of its concentration [14] .
Zinc, as well as Mg, is a co-factor of enzymes, DNA and protein synthesis, and is important in cell division [15, 16] . Zn is believed to have antioxidative proprieties with an anti- 
aging effect and influence on the healing process [17] . It is also believed to have an effect on the immune response mechanism [18] . The most important role of the Zn in the IVD is probably the formation the MMPs. The element in enzyme are the co-factors that distinguish it from other ednopeptidases commonly observed both in intervertebrates and plants [19] . The role of the metaloproteinases is degradation of the extracelular matrix; its presence or over-expression is related to IVD degeneration [20] . The close relation between Mg and Zn may be in favour of the concept for simultaneous regeneration and degeneration processes taking place in IVD. Analysis also indicates the similarity of the Cd and Mo pair. Both flora and fauna have no metabolic requirement for Cd, although it is found in human tissue with an average content of 0.17 mg kg -1 . Cadmium is one of the most toxic metals for humans, mainly due to its ability to combine with sulfhydryl groups, and thus disturb the function of several enzymes that leads to changes in proteins. It has been confirmed that cadmium blocks the calcium channels in chicken neurons [21] . Zn deficiency can cause higher Cd storage in the human body [3] , a relationship that can be observed both with graph and PCA. Cadmium is easily accumulated in animals, especially in soft tissue such as kidneys, and thus it may serve as a sensitive bio-indicator. Molybdenum is considered as an essential TE for biota, especially in the eucariotic evolutionary process responsible for stabilizing oxidised nitrogen [22] . It can bound to a number of organic molecules, such as amino-acis and carbohydrates in the form of MoO 4 2− . It takes an active part in the formation of xanthine oxidase, which is directly related to the Mo contents [23] . It can also affect protein synthesis and the metabolism of purins and fats.
In the prersented study, the least similarity was shown between Cu and Ni. Beside Cu-Mg antagonism, discussed above, antagonism was also observed between Cu and Pb. Mg and Pb, both antagonistic to Cu, also showed similarity in this study. Cu is an essential element for biota. In humans, it is present in three compounds: ceruloplasmin, albumins, and amino acids [3] . Cu is found in cytochrome c oxidase, which is related with aerobic respiration where, together with iron, it plays a role in oxygen reaction. The role of metaloenzyme with Cu is essential in oxidation-reduction reactions and haemoglobin synthesis [24] . As the IVD is generally an avascular compartment, Cu compounds like ceruloplasmine and albumine should be excluded from the analysis. The range of Cu concentrations in human tissues is between 0.7-7.8 mg kg-1, with the lowest value for muscles and the highest for liver. Mean Cu level in tissues of the 'reference man' is estimated at 1 mg kg -1 [25] . In the presented study, the range of Cu in the IVD tissue was from 0.97-6.089 mg kg -1 dw, after stand-off measurement exclusion (23.64 mg kg -1 ). The average value in the current study was 2.71, median value 2.49 mg kg -1 (excluding stand-off measurement). This data has a higher value than expected, based on the above assumption. Therefore, either the data for humans or the role of Cu in human tissue have to be revised.
Ni is recognised as the oddest element in the analyzed set, suggesting the weakest bond with each of the other analyzed elements. The average Ni content in human soft tissues is estimated an average level of 88 μg kg -1 [3] , although its concentrations in soft human organs vary, with the mean values being highest for bone (1510 μg kg -1 ) and lowest for the pancreas (34 μg kg -1 ). In the presented study, the the concentration ranged from 25.48-444.2 μg kg -1 , with an average value of 215.3 μg kg -1 . Similarity analysis for the samples did not show any significant cluster formation for given epidemiological data: gender, region of the spine of sample collection (cervical or lumbar), prior operation with metallic implants, and samples collected form the same patient. Based on this outcome, it may be concluded that with regard to the epidemiological data considered separately, it did not provide any valuable information. More information was obtained with PCA. The variability of the TE in the case of males was related to Zn and Cu concentration, which was not observed in females. Previous operation with orthopedic implants were related to the contents of Al, Mo and Zn, but not with such potentially toxic elements as Cd and Pb. Of these elements, only Mo, Cr or Co are used in orthopedic implants. Implants can produce a cell response, not only in close proximity, but may also may trigger a systemic response with the immune component. Although the influence of the implants are evaluated in local tissue or in blood [26] , that is currently in use, to the best of the knowledge of the authors of the current study, there is no information confirming distant tissue TE alternation in such cases.
CONCLUSIONS
Chemometric analysis showed interesting dependencies among trace elements in the disc tissue, the majority of which not described in the literature. The most important are significant bonds between essential and toxic elements, 
